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Introduction
Factors affecting fish stock recruitment often operate in the early life stages that have not yet entered the fishery (Cushing, 1975; Smith, 1985) . Mortality induced directly by starvation, or indirectly by retarding growth rate and thus increasing vulnerability to predation, can strongly influence recruitment and population variability of major fish stocks (Crowder et al., 1987; Miller et al., 1988) . A knowledge of feeding ecology of young fish is therefore important in understanding year-class variation.
Herring (Clupea harengus L.) and sprat (Sprattus sprattus (L.)) are dominant species both in the commercial fishery (Anon., 1994) and as zooplanktivores in the Baltic Sea. In particular, the young stages have been suggested as having a major impact on the zooplankton community structure (Hansson et al., 1990; Rudstam et al., 1992 Rudstam et al., , 1994 Arrhenius and Hansson, 1993) . Studies on the feeding of herring and sprat (Sandström, 1980; Raid, 1985; Hansson et al., 1990; Flinkman et al., 1992; Rudstam et al., 1992) show that they are selective, which may influence the zooplankton species composition (cf. Brooks and Dodson, 1965) . In the open sea, Sandström (1980) and Flinkman et al. (1992) showed that herring prefer the largest zooplankton prey and late copepodite stages of calanoid copepods. In the coastal area, the most preferred prey of 0-group (fish hatched during the sampling year) herring and sprat were cladocerans, mainly Bosmina and Pleopsis in the northern part (Rudstam et al., 1992) and Eurytemora affinis in the southern Baltic (Mehner and Heerkloss, 1994) .
Particle size has been the primary variable considered in studies of selectivity by young fish, when prey size has been related to the gape size of the fish (Blaxter and Hunter, 1982; Checkley, 1982; Cohan and Lough, 1983; Schael et al., 1991; Graham and Sprules, 1992) . For young fish that are larger than larvae, non-random consumption of available prey might result from differences in prey visibility or capture rates and differences in ''preference'' by the fish e.g. as a result of optimal foraging (Werner and Hall, 1974; Pyke et al., 1977) . From earlier studies Hansson, 1993, 1994a,b) , we know that 0-group herring and sprat occur together in the coastal area of the northern Baltic proper, and, since they appear to be able to influence their common zooplankton prey resource, they probably compete for food. The objective of this study is to describe in more detail the diet and feeding preferences of 0-group herring and sprat.
Materials and methods
Fish were sampled in July-November 1992-1993, using small charges of explosives (15-120 g of Primex 17 mm, Nitro Nobel AB). A subsample of the 0-group fish caught was immediately preserved in 70% ethanol in 1992 and deep-frozen ( 18 C) in 1993. Fish were sampled in the evening, when the stomach content is highest (Raid, 1985; Arrhenius and Hansson, 1994a,b) . All sampling was carried out in the coastal area at about 58 N, 17 E in the northern Baltic proper. On each sampling occasion and from the same water column where the fish were caught, a zooplankton sample was taken with a 90 m WP-2 net. It was assumed that the zooplankton used by the fish was found in the depth interval from where the fish were caught up to the surface, i.e. the water column sampled with the zooplankton net. The plankton net was towed vertically at a speed of 0.5 m s 1 . Samples were preserved in 4% buffered formaldehyde solution. Before counting under an inverted microscope, the zooplankton samples were subsampled (Kott, 1953) and at least 500 specimens from each sample were identified to the lowest possible taxonomic level. Zooplankton biomasses were estimated from values on individual wet weight (WWT) (Hernroth, 1985) , of which 13% was assumed to be dry weight (DWT) (Mullin, 1969) .
In the laboratory, the total length of each fish was measured to the nearest mm and WWT was determined to the nearest 1 mg. Length and weight data were corrected for effects of ethanol and deep-freeze preservation, using correction equations from Arrhenius and Hansson (1995) .
Diet analyses were made on c10 fish per sampling day and length interval (width 5 mm, Tables 1, 2) . Each individual stomach was cut open, and the complete contents collected and analysed using a stereo microscope and an inverted microscope. Each prey was determined to the lowest possible taxonomic level. If a stomach contained a large number of prey, a subsample of about 100 identifiable items was analysed. The contents of a stomach were expressed as the percentages of different taxa, calculated from the number of identified items.
Selection of prey types were estimated using a selectivity index (Chesson, 1983): where r i is the proportion of food item i in a stomach, e i is the proportion of prey belonging to this category in the environment, and k is the number of prey categories.
i ranges from 0 to 1, corresponding to complete avoidance and full selection. A value of 1/k (in this dataset 1/k=0.167 as there were six prey taxa) indicates neutral selection and positive and negative selection refer to -values higher and lower than 1/k. The prey selectivity for fish may change with its size, which has to be considered when analysing for differences in selectivity between sprat and herring and between years. This was checked using the following procedure: for each length group (lg, width 5 mm) of fish, the average -value was calculated for each prey species, and observations from each fish were classified as above or below this average. Frequencies of observations above and below the average were then analysed statistically (see below). The mean -values ( lg -used in these analyses were calculated as moving averages from a 15 mm wide interval, using the equation:
Three different sets of lg -values were calculated. Two sets were derived by calculating lg -values separately for herring and sprat and the third was a set of lg -values in which both fish species were amalgamated.
To test for differences in prey selectivities between years -values for each fish were classified as above or below the lg -values. Here, herring and sprat were analysed separately, using the two species-specific sets of lg . For each species, the number of values below and above the lg -value were counted separately for 1992 and 1993 and frequencies were analysed with a 2 -technique (Sokal and Rohlf, 1981 , 2*2 table with the classes above/ below as rows and 1992/1993 as columns (Figs 2, 3) ).
To determine if there were differences in prey selectivity between herring and sprat, an analysis on the lgvalues, calculated for the species combined was used. Again, -values for each species were classified as above or below the lg -value. Resulting counts were used to create a three dimensional frequency table (2*2*6), with the following categories: position in relation to lg (above/below), species (herring/sprat) and sampling date (six occasions when both herring and sprat were caught in sufficient numbers). When generating this frequency table, only length groups in which both sprat and herring occurred were included. This frequency table was then analysed with a log-linear model (Upton, 1978; SPSS, 1993) , with the position in relation to lg as a response variable. The first step in this log-linear analysis was to generate a saturated model, in which all possible interactions between classification categories were included. This model has 0 degrees of freedom and explains all variation in counts in the frequency table ( 2 -value=0). In the following steps, interactions between categories were removed, resulting in models that were less efficient in explaining the observed frequencies. The goal is to find interactions that significantly explain observed frequencies, i.e. the exclusion of which has significant negative effects on the remaining model (Upton, 1978) . As the category above/below average was treated as a response variable, it was only the independent variable, i.e. species and sampling date, that could be excluded from interactions.
Results

Food availability
The six most common taxa in stomachs and zooplankton samples were used in this investigation (Table 3) . Zooplankton samples were dominated by copepods, among these Eurytemora affinis hirundoides/Temora longicornis (E/T) and Acartia spp. (Acartia bifilosa, and/or A. longiremis) constituted between 29-68% by numbers (81-97% of copepodite and adult copepod abundance). Copepod nauplii and E/T were not divided into taxa due to difficulties in distinguishing different species in stomach analyses. The cladocerans Bosmina longispina maritima and Pleopsis polyphemoides constituted 0-24% of the abundance.
Food composition
A total of 374 herring and 203 sprat stomachs were analysed (Tables 1, 2 ). Herring were caught at all sampling occasions, while sprat did not appear until the end of August in either year. The only prey found in the stomachs were zooplankton, and these were totally dominated by crustaceans (Tables 1, 2 ). Among cladocerans, Bosmina and Pleopsis were most common and among copepods Acartia and Eurytemora/Temora (E/T) and Pseudocalanus minutus dominated. Copepod nauplii were abundant in zooplankton samples but less common in the stomachs. Other food items, mostly rotifers, eggs, Balanus nauplii, cladoceran Podon spp. and lamellibranchs were only present in the stomachs in small numbers. The size of the prey found in the stomachs increased with sampling dates and fish size in both years for herring (Fig. 1) . For larger fish a size preference was found for intermediate sizes of copepodite stage IV-V (size range 0.7-1.0 mm, in Table 4 ). For sprat, zooplankton 0.7-1.0 mm in cephalothorax length were Total no. of fish (n)=203.
the most abundant (60-82%) prey size in the stomachs (Fig. 2 ).
Selectivity
Herring generally had a positive selection for Acartia, Eurytemora/Temora (E/T) and Bosmina, with Acartia the most preferred. Pseudocalanus, Pleopsis and copepod nauplii were usually below average (i.e. selected against) (Fig. 3 ). There were, however, differences between the years. Herring had a higher selectivity for Acartia, and copepod nauplii in 1992 compared with 1993, and for E/T and Pleopsis it was the opposite. Sprat showed a similar selectivity to herring, preferring copepods, but with a higher selectivity for E/T than for Acartia (Fig. 4) . As in herring, sprat had low selectivity for copepod nauplii, but no consistent selection trends for Bosmina, Pseudocalanus, and Pleopsis.
Sprat showed a higher selectivity for Acartia in 1992 than in 1993, while the opposite was true for E/T and Pleopsis.
There was a shift in preference for several prey taxa as the fish increased in size (Figs 3, 4) . In addition to the taxa diet changes, the size (length) category of zooplankton most highly represented in fish diets also changed with fish development (Figs 1, 2) . The smallest herring (<49 mm in length) selected cladocerans (preferably Bosmina, 0.4-0.5 mm in length) and whereas larger fish selected copepods (mostly d0.7 mm in length). There was also a tendency for a shift between years, with an increased preference for Acartia and decreased preference for Bosmina with body size in 1992 and vice versa in 1993 for herring. For sprat, there was a trend to even lower negative selectivity for copepod nauplii (0.1-0.4 mm in length) with increasing body size. There was a significant difference between both years in selectivity (Hernroth, 1985) .
Taxa Species for prey species, except Pseudocalanus for both fish species and Bosmina for herring (Figs 3, 4) . For all prey species except Acartia, significant threeway interactions were present between the studied variables in log-linear analysis, indicating that the model without the three-way term does not fit well (Table 5) . However, log-linear statistics were used for a description of the relationship between the data and served as a good starting point for exploring the data. Therefore, by partial testing it is still useful to fit models differing only in the presence of the effect to be tested (SPSS, 1993) . According to the models, by removing the effect of sampling day (pos*samp+spec*samp in Table 5 ) there were significant intraspecific differences in selectivity between herring and sprat for the copepods Acartia, E/T, and Pseudocalanus, but not for cladocerans and copepod nauplii. However, for all prey types, intraspecific differences between fish species in selectivity were significant between sampling dates (pos*spec+ spec*samp in Table 5 ).
Discussion
Diet composition 0-group herring and sprat fed exclusively on zooplankton. Prey species preferences were in agreement with other studies on young clupeoids in the Baltic Sea (van Khanh et al., 1974; Hudd, 1982; Parmanne and Sjöblom, 1984; Raid, 1985; Lankov, 1986; Franek, 1988; Rudstam et al., 1992) . No benthic or epibenthic species, such as mysids and amphipoids were found in the stomachs in this study, although such prey have been observed in herring over 65 mm elsewhere (Raid, 1985; Lankov, 1986) .
Prey selectivity by fish species
The three-factor interaction term (sampling date, fish species and position e.g. if the predator have lower selectivity than the other, selectivity is below the combined moving average, and resulted in less selectivity for the prey) were significant for all prey species, except Acartia, in log-linear statistics. This indicates that the model without the third-order term does not fit well. Therefore, it is difficult to draw any definite conclusions, 
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even when there were significant difference between the two 0-group herring and sprat of the same size for the copepods Acartia, Eurytemora/Temora and Pseudocalanus, shown by two-factor interactions in log-linear statistics (Table 5 ). However, there may still be a difference in selectivity, but this could either be masked by the higher order complexity and/or be explained by sampling error of zooplankton. The causes of the latter problem may be two-fold; (1) Were the zooplankton samples representative for the zooplankton fauna? On each sampling occasion, only one sample was taken, and it has been shown that the coefficient of variation is about 30% between replicate zooplankton net hauls in the area (Johansson et al., 1993) . (2) Were the samples taken where and when the fish had actually been feeding? Selectivity esimates could be biased if the Figure 3 . Clupea harengus. The average selectivity indices (Chesson, 1983) for different length groups (Table 1) and years for six different prey taxa. The curve shows the mean -values ( lg ) calculated from indices of all fishes and both years and the dotted line indicate the Chesson index value for no selection. The lowest and highest length interval were excluded. The 2*2 tables are the numbers of fish above and below the moving average line divided by 1992 and 1993 respectively. The 2 tests were performed and the significances are indicated above the tables (***, p<0.001; **, p<0.01; NS=not significant p>0.05). The cladoceran Bosmina had fewer datapoints (n=291), as indices were not considered when prey were absent from both stomachs and zooplankton samples. =1992; • V=1993.
zooplankton samples did not reflect the zooplankton abundances where the fish had been feeding.
Effects of fish size on prey selectivity
Both herring and sprat clearly preferred calanoid copepods (Acartia spp. and Eurytemora sp./Temora sp., respectively) over cladocerans. This agrees with studies in other areas in the Baltic proper (Lankov, 1986; Mehner and Heerkloss, 1994) , but is contrary to findings in our coastal area by Rudstam et al. (1992) . However, there were changes in preference with fish size, from cladocerans and nauplii (size range, 0.1-0.4 mm) among the smallest fish size classes, to copepods (size >0.4 mm) among larger fish. This variation in length of fish and prey influences the relationship between foraging selectivity and relative prey size as seen in other studies on clupeoids (Checkley, 1982; Cohan and Lough, 1983; Raid, 1985; Lankov, 1986; Wespestad and Moksness, 1989; Conway et al., 1991; Munk, 1992) . In other planktivores prey size is also positively correlated with fish size (Mills et al., 1984; Bence and Murdoch, 1986; Confer and O'Bryan, 1989; Shael et al., 1991) . When fish increase in size, the size spectrum of ingested prey increases, probably an effect of less gape-size limitation (Miller et al., 1988; Schael et al., 1991) . The present data show preferences for intermediate sized prey (mostly copepodite stage IV-V, 0.7-1.0 mm), which agrees with others studies on herring (Munk, 1992) and other planktivores (Bence and Murdoch, 1986; Confer and O'Bryan, 1989; Graham and Sprules, 1992) . However, for adult herring, one of the largest zooplankton items in the Baltic, Limnocalanus spp. (1.3-2.1 mm, Hernroth, 1985) , but also adult stages of other copepods, has been shown to be selected (Sandström, 1980; Lankov, 1986; Flinkman et al., 1992) . For small 0-group fish it is important to consider that the size of the mouth may restrict their possible diet, but for fish of the size ranges included in this paper (metamorphosed fish>35 mm), gape limitation is probably less significant. The size selectivity of fish may, however, be influenced by behavioural changes. It has been shown that herring may switch between particulate-feeding at low predator densities and filterfeeding at higher prey densities (Batty et al., 1986; Gibson and Ezzi, 1992) . Such shifts could possibly explain much higher selectivity for calanoid copepods at lower zooplankton abundance for herring (d60 mm in length in Fig. 3 ).
Effects of prey characteristics on preferences
Difference in selectivity for copepod species may be explained by differences in their vertical distribution and the day-time feeding of herring. 0-group herring appears near the surface at twilight, when stomach fullness is highest (Raid, 1985; Lankov, 1986; Arrhenius & Hansson, 1994a,b) . Both Eurytemora/Temora and Table 5 . Result of the log-linear model analysis (SPSS, 1993) on the effect of species (herring/sprat) and sampling date (6 occasions) on prey preferences (preference index, above/below average). The six sampling dates were 26 Aug, 17 Sep, and 27 Oct 1992 and 24 Aug, 6 Oct, and 2 Nov 1993. In the highest order model (saturated), all the variables interact and the value of the 2 statistic is always 0. The next model includes all possible two-way interactions. This model provides a test of the hypothesis that the third order interaction terms are 0. Differences in 2 values between models are given in the ''partial testing'' columns, with the corresponding p-value. As seen from the table, three way interactions (combined and complex effects of fish species and sampling date on the prey selectivity of individual fish) were significant for all prey species but Acartia (tests statistics indicated with † in the table). An example of interpretation of the table: when removing the three way interaction (pos*spec*samp) from the Acartia data set, the resulting model with all three two-way interactions did not produce a prediction significantly different from the saturated model ( 2 =5.0, df=5, p>0.4). However, when removing the two-way interaction between species and position (pos*spec), i.e. the effects that fish species have on the selectivity, the resulting model produced predictions significantly different from the saturated model ( 2 =99.5, df=6). The difference between the model including all two-way interaction was 94.5 2 -units, with one degree of freedom lost. This 2 -value is highly significant and shows the strength of the pos*spec interaction. Acartia shows diel vertical migration from deeper water during the day, and closer to the surface at night. This migration is, however, less pronounced for Acartia which generally occurs closer to the surface than E/T (Hansson et al., 1990) . Such shifts could possibly explain differences in prey selectivity between 0-group herring and sprat. 0-group herring are closer to the surface than sprat during the main feeding period (pers. comm.; Ojaveer et al., 1981) . Pseudocalanus also moves upwards at night, but have both night and day abundance maxima much closer to the bottom than other species (Hansson et al., 1990) . The most preferred prey by 0-group sprat was Eurytemora/Temora, which is more active (personal observations in microscope) than the other copepods in the area. Contrast of prey against the background and escaping ability have been shown to influence feeding behaviour (Drenner et al., 1978; Checkley, 1982) . The two species of Eurytemora and Temora were not separated in this study, but other studies on sprat have shown higher selectivity for Temora than Eurytemora (Shvetsov et al., 1983; Shvetsov and Rudneva, 1994) . Visible egg sacs, carried by Eurytemora but not by Acartia, may also explain differences in selectivity for the two major calanoid copepods. For herring, visibility may explain the high selectivity for Bosmina (most prey were carrying eggs) during the summer, and switching to Eurytemora later in the season when cladocerans are absent (Fig. 3) . In other parts of the Baltic, selective predation on larger individuals and females of copepods and cladocerans carrying eggs has also been shown for adult herring (Sandström, 1980; Flinkman et al., 1992) .
Ecological implications 0-group sprat and herring in the coastal waters preferred copepods and both species had similar diets, as have been shown in the North Sea (De Silva, 1973; Last, 1987) . Therefore, competition could occur if the food supply was limiting. The possibilities of competition in the Baltic are lessened by differences in spawning and hatching times and location of the two predators. The spawning of sprat occurs in the open water and herring in the coastal part of the Baltic. Temora is of the most abundant calanoid copepods in the northern Baltic proper (Hernroth and Ackefors, 1979) , and also the most preferred prey species by sprat in the open water (Shvetsov et al., 1983; Shvetsov and Rudneva, 1994) . In late summer 0-group sprat immigrate to the coastal areas and mix with 0-group herring (Ojaveer et al., 1981) , and Temora is partly replaced by Eurytemora in the upper 25 m in the water column closer to coast (Hernroth and Ackefors, 1979) . However, 0-group herring have a much higher selectivity for Acartia, and this prey is the most abundant calanoid copepods in our investigation area (Johansson, 1992) . Selection of certain prey may therefore reflect learning and earlier success in capture in different habitats by both predators. 0-group herring and sprat constitute a considerable proportion of the pelagic fish biomass and have a major impact on zooplankton production and community structure in late summer in this study area (Hansson et al., 1990; Rudstam et al., 1992; Arrhenius and Hansson, 1993) . Direction of predation towards reproductive individuals and different primary prey species would effectively prevent a zooplankton species from achieving its maximum possible population growth rate. In a study by Arrhenius and Hansson (1995) , 0-group herring were food-limited in the area and, consequently, peaks in biomass of different prey taxa could be of great importance for their growth and indirectly for their survival. The ''match-mismatch'' hypothesis by Cushing (1975) for early larval stages must also be applicable to later life stages although they have more resistance to starvation (Munk, 1992 (Munk, , 1993 . Since at least 0-group herring are food-limited, and since predation probably influences zooplankton abundance, inter-and intraspecific competition (including also older fish) should influence growth rates of the young stages (juveniles invest most of their energy in somatic growth and less in fat storage than older fish (Blaxter and Hunter, 1982) ). Predictions of growth rate from variables like zooplankton abundance and temperature are thus required for further understanding of recruitment variability in populations such as herring and sprat. As concluded by Anderson (1988) , starvation and predation might be the two main factors in regulating fish recruitment.
